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The surface of the mandibular condyle consists of four layers: an external layer, composed of dense connective tissue, followed by a layer of undifferentiated cells, hyaline cartilage and bone. The condyle features two key functions: joint function and endochondral growth. 16, 19 Similarly to other articular cartilages in the body, the mandibular condylar cartilage can withstand biologically-induced stress.
However, it differs in several biological aspects, such as ontogenetic development, postnatal growth and histological structures. 19 One peculiarity of the condylar cartilage is its adaptive capacity due to endochondral ossification. 14, 18 This feature may enable orthopedic appliances to modify not only the direction, but also the amount of mandibular growth. 16 Nevertheless, few studies have shown the behavior of the condylar cartilage when the mandible is positioned posteriorly as in the treatment of functional Class III malocclusion.
The number of studies evaluating the adaptive capacity of rat condylar cartilage under stress significantly increased in the past years. Some authors found an increase in cellular response and growth when the mandible is held in a protrusive position. 8, 14, 15, 21 Other researchers 9, 18 have shown modifications in the two condyles when the mandible is deviated laterally. The result obtained in lateral postural deviation indicates that the lateral displacement of the mandible can (a) increase the thickness of the condylar cartilage and proliferation of precondroblasts on the contralateral side, and (b) decrease them on the ipsilateral side. 4, 18 Controversial reports on occlusion and temporomandibular disorder (TMD) can be found in the literature. Some authors believe that there is no scientific evidence that malocclusion is a risk factor for TMD, 7, 12 whereas others found a high correlation between TMD and posterior condylar displacement due to malocclusion, 6, 11, 22 especially deep overbite in patients with Angle Class I or Class II malocclusion. Nevertheless, many changes arising from the posterior positioning of the condyle are still unknown.
In this context, the objective of this study was to assess the characteristics of the condylar cartilage of young rats during mandibular retrusion.
MAtEriAL And MEtHodS
Thirty 5-week-old male Wistar rats ( Fig 1A) were randomly divided into two groups: control (C) and experimental (E). Both groups were fed with a soft diet and water ad libitum. Animals were maintained under standard conditions with a 12h light/ dark cycle and controlled temperature (23°C). The 12 animals of group E were fitted with an intraoral device capable of promoting mandibular setback and modifying functional occlusion (Fig 1B) . To this end, impressions of the mouths of two animals were taken to enable the devices to be fabricated and adjusted on dental casts. Subsequently, acetate trays were fabricated to allow a standardized technique. The devices were fabricated with Z250 composite resin (3M Dental Products, St. Paul, MN / USA) on the upper incisors of group E. The animals were anesthetized with an intramuscular injection of 1:1 combination of Ketamine (10%) and Xylazine (2%) at a dosage of 0.5 mg/100g. Once the animals were under anesthesia, the teeth were etched, self-etching primer was applied, and a thin layer of adhesive was applied and light-activated. The acetate matrix was filled with adhesive and fitted on the teeth of the rats for final light-activation.
Group C received no device and, therefore, corresponded to the characteristics of a normal occlusion (Fig 2) . In group E, on the other hand, the presence of the devices and their inclination prevented the mouth from closing in habitual occlusion, which caused mandibular retrusion (Fig 3) .
Tissue preparation
The animals were sacrificed with an overdose of anesthetic after a treatment period of 7, 21 and 30 days. Morphometric evaluation of condylar cartilage of growing rats in response to mandibular retractive forces original article After 21 days, histological changes were observed in group E (Figs 5C and 5D), across the entire condylar cartilage. There was an increase of 39.46% in the total layer (Table 1) , reflected in an increase in the thickness of the hypertrophic (42.24%), hyaline (46.92%) and proliferative (17.70%) layer, according to the data shown in Table 1 and Figures 6B, 6C and 6D .
Over 30 days of experiment, the condylar cartilage in group E seemed to be histologically similar to that of group C (Figs 5E and 5F). However, total thickness greater than 17.15% was observed due to an increased thickness in the hyaline and proliferative layers of 26.56% and 23.31% respectively, as shown in Table 1 .
Both the experimental and the control group showed a significant decrease in the total layer of the condyle at the end of the experiment compared to C7 and E7 times, respectively.
Although the hypertrophic layer of group C showed an increase between C21 and C30 times (see table) , such increase was not statistically significant and can be explained by the fact that during natural growth, a decrease in the total thickness of the condylar cartilage occurs (Figs 5A, 5C and 5E). In group E, however, this pattern of development was altered, in particular with regard to thickness of the hyaline and hypertrophic (Figs 5B, 5D and 5F) layers.
diScuSSion
During growth phase, the chances of achieving a successful treatment which is performed by means of functional orthodontic appliances that promote changes in mandibular posture, is higher, since cellular activity is more dynamic. The ages of the animals used in this study ranged from 5 to 9 weeks, spanning the prepubertal phase Immediately after death, the animals' heads were dissected and immersed in a fixing solution (Bouin) for 4 days. After consecutive changes of alcohols, the TMJ regions were dissected and decalcified in a solution containing 20% of sodium citrate, formaldehyde and distilled water for 5 days. The pieces were washed in running water for 4 hours in order to have the decalcifier removed. Histological routine was performed and the pieces subsequently embedded in paraffin, using the same plane of orientation with the ramus parallel to the surface of the block. Semi-serial sections were cut into sagittal sections of 7 μm in the region of the condyle using a Leica RM 2145 ® microtome. Sections were stained with hematoxylin and eosin and mounted under a coverslip using Permount.
Morphometric analysis
The images were captured in high definition by an Optical Microscope (Motic BA400) and exported to a computer. Using ImageProPlus 4 (Media Cybernetics, USA) image analysis software, the various thicknesses of the proliferative, hyaline and hypertrophic layers were measured, totaling 6 sections from each animal.
In each section, 5 measurements were made for each layer, totaling 30 measurements of each animal (Fig 4) .
Statistical analysis
Data were obtained through a double-blind study and subsequently processed with Statistica ® 7 software for statistical analysis. Data distribution did not show normal characteristics, which prompted the use of nonparametric tests. The groups were broadly assessed with the Kruskal-Wallis test.
rESuLtS
Significant differences were found in total cartilage thickness, but only after 21 days (Table 1) . In group E, after 7 days, a slight change was observed in the way the hyaline and hypertrophic layers were arranged (Figs 5A and 5B). Total thickness showed no statistically significant difference compared to group C (Table 1) , which could be confirmed by superimposing the data distribution curve (Fig 6A) . Although the hypertrophic layer of group E seemed to be very similar to that of group C (Figs 5A and 5B), there was a slight decrease (9.60%) in the hyaline layer and a subtle increase of 10.09% (Table 1) in the proliferative layer (Figs 6C and 6D) . Morphometric evaluation of condylar cartilage of growing rats in response to mandibular retractive forces original article to the pubertal growth spurt stage. 19 The experimental model that makes use of rat TMJs is widely accepted and studied due to its similarity to the human TMJ. 17 Few reports in the literature involve changes in posture by mandibular setback.
1,2 Some studies 4,9,18 report cellular changes when the mandible is deviated to one side. The obtained results showed that after 14 days, there was an increase in growth in the condyle in the protruding or contralateral side, and a reduction in the non-protruding or ipsilateral side. Based on these data, the cartilage was expected to yield a total value below that of the control. However, the question is not so simple. The response mechanism of the condylar cartilage was markedly different on the 21 st day. There was an increase in total cartilage thickness in group E, with the predominance of the hyaline and hypertrophic layers. It was not possible to determine that this increased cartilage thickness consisted of growth. A greater adaptive capacity of the condylar cartilage can be explored in appositional growth. 19 It is known that the condylar cartilage has features that are similar to secondary cartilage, and that growth begins with the mesenchymal tissue (undifferentiated cells) covering the prenatal or postnatal condyle.
It should be recalled that during natural growth mesenchymal cells are further divided into smaller cells. Afterwards, these cells will reach their full size, resulting in migration of some of them out of the covering membrane and into the condyle. 5 Differentiation occurs when the mesenchymal cells migrate to the cartilage, becoming immature cartilage cells. The new lineage of cartilage cells will then be added, not by means of mitosis of cartilage progenitor cells (interstitial growth), but by mitosis of undifferentiated mesenchymal cells. This growth mode, in which new external cells are added, consists of appositional increase. 3, 10 This study, therefore, did not disclose any increase in the proliferative layer, leading the authors to question any actual growth gains. According to Liu, Kaneko and Soma, 9 in addition to the amount of growth, direction may also be altered. For example, on the side where the condyle is positioned a decrease occurs in the horizontal direction and an increase in the vertical direction. In this study, thickness of the posterior and middle portion of the cartilage was measured, which revealed an increase within 21 days.
Further studies are warranted to provide greater awareness and understanding of the characteristics of condylar cartilage when the mandible is retropositioned. New data could be observed if bone layer measurement were to be included and if the device were removed after 30 days, thereby promoting mandibular repositioning.
concLuSionS
Application of a device to retrude the mandible modified the characteristics of the condylar cartilage in the experimental period. The most significant difference in cartilage thickness was observed after a period of 21 days, when stimulation promoted the prevalence of growth in the hyaline and hypertrophic layers. Mandibular retrusion produced a number of morphological and histological responses in the condyle and suggests the occurrence of a condylar and mandibular adaptation in rats. Clinically, this indicates that the use of orthopedic/orthodontic treatments can contribute to mandibular adjustments, facilitating mandibular positioning and basal bone interrelation.
